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(57)Abstract: 

PURPOSE; To increase capacity, to accelerate speed and to extend a 
distance by minimizing the light intensity of a duobinary signal 
corresponding to a central value and modulating the light intensity while 
inverting a phase corresponding to the other two values with the same 
light intensity. 

CONSTITUTION: A binary digital data signal is converted into the 
duobinary signal by a code converting circuit 80. The duobinary signal of 
three values (0, 1 and 2) is branched into two parts, one part is inputted 
to an inverter circuit 11 so as to generate a duobinary signal (-1, 0 and 
1) without two DC components of the same, amplitude and mutually 
inverted phases, and a voltage proportional to that signal is respectively 
impressed to electrodes 74a and 74b of an MZ type light intensity 
modulator 70. The light intensity of output light from a semiconductor 
laser 76 is modulated corresponding to these two duobinary signals of 
the mutually inverted phases, and that light intensity converted signal is 
transmitted to an optical fiber transmission line 77. When modulating 
the light intensity while using the duobinary signal of three values (0, 1 
and 2), a bias voltage is adjusted so that the intensity of output light 
can be minimized in comparison with its central value (1). 
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1 

tf**/MJ * 0 , fat/H ^ U fi^©A&© 2 ftKtt-fS 
©tt«iWB2 fciKT * 5 <£ -5 fc^WSfr ft 5 %XM¥J3 

©ef*iafc*f-r*«/jMZ)m*i:LT3te?ftS0*#^.S, 

it** i mmtDKmrnrnm. 

Stria l »©ffi*SM&X$S§ffiftfi^£A;*j-f 5 2 ^rox 

ISSKI(l<f#A*JS^St)^» *©2"D0A*«*K» 

UT2t?ic^®$ nfcft ©&« s ^-n^n^ft s *r* 

llfKXM fcf? 5 C fc #T * « V 9 A y x > 
j»l2«W»ttliaK3t«©a**S*HUT, fflflB*m£ 

ffi^^€©2fi©t^m^^a^T. em^in^ 50 

■r*ffl*3t©tt«*««B:Ka-C»*J:5K:«Hf*c:i: 

ft»afr*»*ja 1 ts«c©^m^g. 
W8as<E0ii©ai*K«oT«[E3tt«a»s*ii-r*3t 

* Jt « MOT * tt&ffl&ISgg t u 

Ktt«/h-e, <fi©2<i(c*f-r-5^Sf«g^-c. cne. 

J; 3 fc IMP 3 tt* £ i ft 1W» fc T 5 M$g 1 iBStOD^i* 
US®. 

[n*«5] imnn^^SKomu t, w&e&m so 



<®m¥-8- 1 3 9 6 8 1 
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*a©A*©rafctt*a»7-r;p*j8*'b3W , &ft. 
BI*R^©A*flH*©#«*IWB'}"*«l«a i - 4 ©v> 

■rn*>fcB«©3t2i»»ii. 

set, «^2fflm^sg«-r§^smgfit« 

«ggi:, l»K:>tg«g«fti|g£TSf£ej£i8tft*?- 
S££ftft®<hrstt»>XxA. 

SjKWftHIM^ Kft&&II8©ffl#ICi|g£U2<iI{i^ 
©#<i&^giJfSISJg<Jggi:, ttiHWS©tUft©fflW&£ 

c-r^tstaseiHiKt- »R<Eigis©a*tiis^uTtt 
m 2 ttffi^^a^-rs ta**p t s^-r-sw^ 6 mm 

[0 0 0 1] 
[0 0 0 2] 

[ft#©tfcffi] ^fflmv-X^A-Cti. 3t!figXi3-tt8 
UJTF riM-DD^j ) tfftfeffl 

■?y/\yx.>? : f&m§> u^t mzmi 

[0 0 0 3] 01 3tS, MZS^gfiftXMS&fflb^ft 

*©ft£j£;£jt©->XxA#lj££7n-r. Hlc*^T. M 

Z ^^3Sfi^il§8 7 0H, * y 7 7 1 TP 2 *©Jfc3|»K 
7 2 a, 7 2 blC^lK^nfeJtfCffiffiMS^^.. 

7 3 s * s c t c «t o xauoen sff 5 mat 

5. MZMIW7 0I1 B 1 4 ic^-r J: 5 1, 
«S's©B«lO«£EK:«:i;fctt**tJ:oTaa*j5««»l 

Wl-^-fk-f-S, ?E3|E© 2 fit© I M - DD^STtt 2 fiSff 

^SBI»-r***ail*©^A &ft/h9ji4c©jAB i^^ 

fozvT&m-rz. a*. *«^t?«2ffl©7 ; -^m^ 

&2^^t. -**S<EI3!S7 5 CAPUTS WCg&a 
AtSKbfc2 0©x-^«^S:*fefi£U, ^ntCitfUL/fc 
«ES&)t«iS8S7 2 a, 7 2 b(C»*£:-r*«S7 4 

a, 7 4 b (c-e-n-enTOD-r-s. c:nc«fcDBijn«jE^ 

ktfl~Z$& (F. Koyama and K. Iga, IEEE J. Lightwav 
e Techno 1., vol.6, No.l, pp. 87-93, 1988 ) . 

[0 0 0 4] *M&V—& 7 6©ffl#ttH, d©SVWC 
»a«»fi<ELfc2"3©x-^fi^K:«:i;TJ6il«*Bia 
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3 

n toyt&m&mmmwy r -f /teaus 7 7 icitw 
W3ttt**ttigiS7 8T?it««»an, -£©&«*#£ 

-5. 

[0 0 0 5] ti^T, 2«©3tt»flHCWfl|^OX^i' 

h;Wi. m 5fi:*T±5{z**U7fflfcf!r.(c*#&;* 

hJH*»«'b'6. **'J7fl»*S'f , 'CMCHy 
- r- © 2 f&STjErtto £*>©£:££. fc*. HI 5f^ 
•tWAMv hW-h*5Gbit/s <tU «IWlilS^D JO 

1.2GflzT*0, *ft«fiil B&D 5dBT<fc£. 

[0 0 0 6] CO+ir'JTJSttft^tt, 3K7r-fA0 

afc:.kstt7 7^/tA*rt7-©iWR*t>fc&UT. su 

gie, IEEE J. Lightwave Techno 1., vol. 9, pp. 1145-115 
5, 1991) , 3&C%ttft£fteaS£&frvr4%ttH 
£(C<fc5£D7 h-?£if*£-tt-5gB<i:&5(N. Shib 
ata et al., IEEE J. Quantum Electron., vol. QE-23, 
pp. 1205-1210, 1987). ffi-f|7^ r-;MD£rt<D 

*»*«r**<ft*. ens »4. £2SE», 

[0 0 0 7] «fi*MRfi:±oTIHIHan*te2t 50 

3 «©*3iflEtaifli-r*3ttea*sca<ii*snTv»* 

(X. Gu and L. C. Blank, Electron. Lett, vol.29, N 
0.25, pp. 2209-2211, 1993). 

[0 0 0 8] 01 6 fit. fa*/WtUflHJtfflV>fcffi 
*©ftei£;^©->7xA#l$£^-t. HfcHH>T, 2 
fitror-^ffi^tt. fHHEKII§lHr8 0T3«COxa^A 
-f^Uft-^lw^ftSnS. ffiF-*t£&0g& 8 0 fit, 2fil© 
x-^«^*S»«F^t;T* 1 fcfy hmmm (T) 8 1 40 
*i^!MS«»l!»igB (EXOR) 82i, *©«f|HI 

-f r u aM&nm&kaMy * )v* 8 7 tc«t o«f£sn 

* A-f T 'J ft^lC J: 0 L—tf 8 6 £ D Ml* S 

na#«3i**«Bu zmoftm&^mrtzymg. 
tvtesi&7 7*6ffl*an**!«*iiffl-j*fit*i*« 

EB7 8T?II«**Sn-S. e©^»[«^(4 3fiiS^-r 50 
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4 

OT?, 20©8&giJ8§7 9 a, 7 9 bTKSUU «»JSn 
fc2:5©«*f£EXOR|5I?&7 9 c (CA^-T-SetlCct 

[0 0 0 9] CCJ:i5ftfasl , /Ht l JWtJ8W3l6 

V>3WfW»*S. fT?fcMZS!itMflE*«|»*fflV>fclO 
Gbit/s , lOOkmOfiSISMnr-tOWattiWiBSn 
TV>5 (X. Gu and L. C. Blank, Electron. Lett, vo 
1.29, No. 25, pp. 2209-2211, 1993). 
[0 0 10] 

b J: 3 tr SHB3 U*»U faWt 

3 flflsfc £«flWAmiBII®tt4>lc £ 0 3 dBgg©g« 
U 5 (X. Gu and L. C. Blank, Electron. 
Lett, vol.29, No.25, pp. 2209-2211, 1993), g 

«ffl-raaMft»an& 3 ffi©^-x/\*> Kft*#& 2 * 

'J7^iS»(cA#*x^^ h;i/«fi^ft<bt>OT*. mm? 

[0 0 11] *89itt, fa^-f r'Jflt^lckDJta 

K©**Mbfc#'5i: HHcfctt*** 
U7W**jfc#*»iEEU ^fiMMUBko 2 «© 

^3fiS^pm^©¥»(wtTA^ftft. nam:. gsg$t 

[0 0 12] 

[■W«*ai-*fc«&©^ft] #»H<MfcSte8Hfit. 

2 I©7-^(l^6fat;H 7 'J fl^lC^&T-Sft^ 
]g£$/h£U ffi© 2 filled bT|W|i;3t3fiS-CSVWC{4 

t. *©3eafli8B*>6tH*«n&3tfln»eeai , r*>t 
eas»t, *flr^fta»-r*3eft(B*at±D«iriEan 

5. 

[0 0 13] ttttftgaMtt. raWrU 

t. 3te«atte»air.5#>R£. 2 ^©^p^Kiim^ 

*2-3©««fi:WaU anggffi«)m^*i*^fii© 1 »:^ 
lCffl7J)t»SSg/jN£L, ■lifi©2ffl©i:^(z|SID3t3Sg 

saps«t{Ccko*fS$n^. 
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[0014] sfc, mm^mt, 

[0015] a«*aa, 3t«mg^*ifi[««*-r«3t 

[0 0 16] *»W©3fca«B«:i3j:tf3fcea5/*yA 

5. :otf, WAtf? 4 -^**© roj ttfat/W 
■tum^cD r o j t r2j icttfSU r i j \t rij tc 
*fjife-r ratn-ftufif roj , 
rij, r 2 j fc*fbT3tt3ME rij . roj . rij 

*#*3tt. ^fat/Ht'JP roj , T2J tc 

tlcto, gwsti&ftffi^©*^ HMi. t-XA' 
>KT©xj.;$7H:J- , J{m©7^7 h;i/S-t»$S3fc 
««ft#fcfc»l/&'b©i&*. fEt>T3££MH»X'< 

«««fi6*02*©3ttSME3eB|fl|^Oi|i»tfe*. 
[0 0 17] ££, **Wt*»t*3t3MaE»lffl^O!l 
m\t "*>" t ":*7" 02fiU*t6ftHOT?, 2fi 

U 2mT-?m<D "1", "0" IC*fbTM8« 

[0 0 18] *&. *BW2fSCC*tt*3fc8l*SEIMra 
©«#j£fB]Sg«ti> ft3fe£5£©2fii©ft3aagtS«^<h 
SUHCC, !SC8«Kttft*©2fi© I M-DD;SfStl:: 

[0 0 19] 

[fgnji©3iis©^ag] shah *»wo*fiis*ao 
onmzm&ztiimtz zt\z&0 2 -3©%*&a&e 



(4) ®PB¥8- 1 3 9 6 8 1 

[0020] Hfcfci^T. 2«©7^y*W7*-*«* 

S. ff^Xlfel9K8 0Bfl»«A2:nfll-V*D. 1 tTy 
hi@M§§ (T) 8 1, 8 3. SfffiWIfcfflfalHjft (EXO 
R) 8 2, iPggg 8 4 lei OfltJ&Sna. H©3fit 
(0, 1, 2) ©fatn-f t'Jm*J£2#!£U 
SEISED 1 lKAAL.T**««BH;T?S«r>lCtt*«»K 
JO ei/fc 2 ^)©D CMC&^ratAM t U fi^ (- 

l, o. i) c±au -enicit^LfcmE^Mzsjt 

3fiS^HSg 7 0 ©ttffi 7 4a, 74b \Ztn^W^WT 
[0 0 2 1] ¥W#V-1f7 6 0HWj3tttt, 51©SV»fc 

7lCj$tU£ttS. 3tt7T-f/tfiaS»7 7*>6fll*Stl* 
&m^S»SiJ8§7 9T!«MU SfelHlKl 2-CSISISI5 
[0 0 2 2] #5gW©#«KJu 3te (0, 1. 2) ©x 

2 0©m®7 4a, 7 4 b fcWJirrsajEEtt. ^©812* 
«*«&U<, #©&ffi£7r£fc3i2:£©fc&gft«B£-r 

30 ©££> 0 2»C^T<t5^7 ; a*A , 'f^-Uft^©3^© 
fl«£*««*aa*©jftA. S/jNgja^©^B. 

[0023] ztizofflmznofctbiz, tt#w&\z# 

6IhJ*&7 6 a, 7 6 b*)it>5tt£n> -#©#«»(;:« 
««7 4 aCaJEfc/Vf 77«JES#ASfe*©A , 'T7 
7IH&III&S7 6 c*«t>5W5n*. fffi74ai74 b 
, fift 7 8 a , 7 8b&^LTftflfi$n?). 
40 [0 0 2 4] 01 BttBIl AC!>X&0!I&K'9'. 01 B© 

»«Bft»«a»Kfi«aa7-f;u^ (lpf) 75a, 
n*t, 01 cj'*-r«t5«ce2iffii»s©«-r^t^T 

#4. CCT^Wlifij^SgSS (km) , feT«B7'fM 
PSIMb (dB) e^fi«tt««il@B = 0. 5 

50 (eaaa-ejE«ftUjt3dB«f*«, *-?xslp 
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fMis-r«£An« (b = o. 5) iiiu£c«u; o *>&m 
*it&mmw&^z.tifit>frz>. mi 6 \zmt * 5 izxn. 
*/t-f ± u <s^££firrsfij^M§ 8 o ? 

7^M7 5a, 7 5 bfciEfcSilt^Ti**),, 01 6 
[0 0 2 5] 01D«V7A > J/x>^^a^S§© 

&mm 7 0b&su -#©«wa*$HwanT 7 4a- 

1 i: 7 4 a - 2 i&O. JtS&A'--r7X«E>W$)£©effi 
7 4 a-2ICPPj!in$tlS. H©«-&A-f 7XMB5IUK7 
6 ctttSfS^n-S. 

[0 0 2 6] 3<t (0, 1, 2) CratAM 

» j t ro 0*7) j ©2tT»S)55, ft&g ri 

(*» J fC*fUT3tfiffi*t ro J t Trtj ©2ffi££: 
S. &*5, ra*/HtUIfli ro j t r 2 J £©ffl 

ro j t r^j tcoWTtSft^b-rs^tti^ 

[0 0 2 7] fat/Ht'Jif (-1, 0, 1) ©A 



J0 



*ft-a-f, tf y hW-h©^©^^^^©^- 

&»Lfcfc©i&D*YU7;Wte3n, *+U7«» 

[0 0 2 8] COj:5lcUT»6nfcJt!Ma«ffiH»* 
tfffittttU SCIslftl 2Ti&a!Si|g-rs^tlCJ;f9. 
2ffl[©x-^ft#SraiS-r-5C:i:^T^-5. C^T, ® 

2M©x-^ft^ [a k } , ®minmtvit^m\ 

{b k } , ©xi^A'f^Ufg^ (d k } , ©Kfi^n 

[SI] 



{cU } 

[»2] 



I e k 



ile» I 2 } 



©— M%%. l lc^"f < 





an 


0001 0011 0101 111 




bk=ait©bk-j 


00001 1101 1001 010 


@ 


dk = bk + bk- 1 


0001 2211 2101 111 






2221 0011 0121 111 




ek=-cos[dk tc/2] 


-1 -1 -1 0 1 1 0 0 1 0 -1 0 0 0 0 






1110 1100 1010 000 




kkl 8 


0001 0011 0101 111 



[0 0 2 9] £33, ft3£g£il8»*t©© Uj £ r- 

[0030] et±^ut#i*twj:5*»jgftsw'r. * 

KTttts/ hl^-h 5 Gbit/s 0 5 (a) Wt 



50 



(b) tesftmw&s^f. 0 6«, ratmtu 

£^©A7-atStLT^£©#;bfr.5. > 07 tt. * 

7»*awi»*«#ii£Esn, #«*<«£&© 2 «©#$«£ 

PfE*t (01 5) <»¥tt\Zti.-3X^Z>Z-t1fit>frZ>o 0 
8tt. *««;&55i«3fc&SG (2<l©IM-DD#5t) 
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[0 0 3 1] 0 9 A«, XftWnft&mttiDi'Z.T-J* 

«^ro^2^JS«sjS^-r. #S£ifi0iJ©#f8«, rvJl-f 

[0 0 3 2] HfcfcHT, 2«©x-^«^«l b 
fiSSS (T) 8 lSitfftftSWI&SftilllK (EXOR) 

•9- (demux) 2 l tcA^ana. tv;^:/^-* 

2 1 ttX*Snfct»|ll3RJU*try h¥&T£S#fllU 
*<0Wferr-9 ££%\Z\&1}-?Z. ■rv;^7'Ui7-9-2 
1 rt^fflflsns 2^v^^©x-^<&JD»S§8 4 aT 
flnWU 2^^^;KOSteT r -^SJP©S§8 4 b-VMW 

* aw u jt«»j ufc«BE&M z aurafeaxiis 7 

0 ©ttffi 7 4a, 74b K-tn-enfllflllTS. iE-©fifi© 
*^tt^lHJ6«f!li:^«t?»5. 09Bte, *58I8©SS 2? 

2SHt«o*»«ftjR'r. !inH:JBlliail«iR*lctt 
7 -f ;U * £ # Af £ C i: fc «t o TiS#mfttt© fa 
±£0ofct>©-?&£. 

[0033] f^yi/^tSffl^fcfi^ 

am u e^o^fiiQiesBi i o fcjft-r. ana 2 fii©^ 

I©?**;!'! (ch.l) iScfctf? 1 **;^ (ch.2) ©ffl 

[0 0 3 4] 011 Att, *«W03tea*jS©5/X? 
A«fig©m3^iS^J$^-r. *mS§0J©ft®«:. 50 

We*ntfJ:v». 

[0 0 3 5] Hfcfc^T. 2€©T-^^tt, «F-9* 
&I3SS8 0*it;Ktele]8S7 5»CA#;Stt5. ¥$#1' 
— If 7 6om*3ttt3e»flE*il8 3 1 ICA^Sn. 

zwiwm&vms \&&T}%m$&mti% 2 raw 
n*. &*, ff^x«naK8oa«3ktidj:n«-?ft 

0. llfyhaffiS (T) 8 1. 8 3 > *tttt)Ma&ia 
8§ (EXOR) 8 2, illJ¥S88 4C«fcD#lric2ftS. § 



&M¥8- 1 3 9 6 8 1 

2 n«ICtt*ail7 -f fcffAf* Z\£\Z& 

•a T Wftftfttt © |U± ft SI o fc fc © T & 5 . 
[0 0 3 6] #3!&&ffll883 l**tf3tttffl« 

B?gg 3 2 ©fSBflff *IS:0 1 2 KjRT. XttffiXIMg 3 2 

Slltsfat/Wtuf^ roj , r i j , r 2 j 
ic*fLTtt®& rij . roj . r i j at*fj&u 

raWtUM roj . T2J CttTftttfHetfS 

jtm^«ft i £ittt0%ttfl«Mffi?∋i;:&:«a 

[0 0 3 7] 

[^^©^4*] K±raufc±5ic, *«w©3tea* 

SLfcJ;2.3t7r'fAA^y-©S!ISS«faT?$«i:t 
©T, 3t7r-f A«S»«©«»*^a<»-5ttt> 

fit. %*tt-eyt7 7 1 /t©tt*#frt>#«»ttfcJ: 0 
[BB®ffi*ftK9i] 

[0 1 A] *»W03te3i^O->X'7 l A«lricO» 1 £ 
JSfll£*-r7ny70. 
[0 1 B] l %KfflC!)£&ft|. 

[0 1 C] *&!3IJC*t*«%!ftff£Mff*®ffttft#1K 
[0 1 D] 01 A©ft$g»38©»m 

[02] fti^ttMic«(t-&Mza!^iiftxn880n^ 
sraf *0. 

[0 3] $l*JM!K:&l*S5^*W*U«*li*58 

[04] 7 f a*yW7-Ufll*»o^7-A^j'h;nlfaft 
*-T0o 

[0 5] 7:i*W^Uft^»*J:tttftft*W*e 
*T0. 

[06] fat/Ht'Jfi^X^hMSm 

[07] *f6i^(c*3its?t3fi«a:pm^7>^^ h;WSr* 

T0. 

[08] *^BJ*St«£*7j^ (2<I©IM-DD7j 

[0 9 A] **W03teaS**05'^^A«lfi!lfl!)fll2SI 
Sg^)«r^T7n->'^0. 

[0 9 B] 2 %mM<D%MM. 

[010] T7j^7V7'y-sffl^feT3.^A*-T^- , jm 
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•*t©£jfcSg£^-f0. 
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